OBJECTIVES: The aim of the present study was to reveal the possible antiapoptotic effect of turmeric (Curcuma longa Linn.) on the hippocampal neurons of rats exposed to trimethyltin (TMT). BACKGROUND: Oxidative damage in the hippocampus can induce the apoptosis of neurons associated with the pathogenesis of dementia METHODS. The ethanolic turmeric extract and a citicoline (as positive control) solution were administered to the TMT-exposed rats for 28 days. The body weights of rats were recorded once a week. The hippocampal weights and imumunohistochemical expression of caspase 3 proteins in the CA1 and CA2-CA3 regions of the hippocampi were examined at the end of the experiment. RESULTS: Immunohistochemical analysis showed that the injection of TMT increased the expression of caspase 3 in the CA1 and CA2-CA3 regions of hippocampus. TMT also decreased the body and hippocampal weights. Furthermore, the administration of 200 mg/kg bw dose of turmeric extract decreased the caspase 3 expression in the CA2-CA3 pyramidal neurons but not in the CA1 neurons. It also prevented the decrease of the body and hippocampal weights. CONCLUSION: We suggest that the 200 mg/kg bw dose of turmeric extract may exert antiapoptotic effect on the hippocampal neurons of the TMT-exposed rats (Tab. 1, Fig. 3, Ref. 49) . Text in PDF www.elis.sk.
Introduction
The hippocampus is critically important to integrate and consolidate spatial memory (1) . However, the hippocampus is sensitive to oxidative damage, which in turn induces cellular apoptosis or cell death. The cell death in the hippocampus has been reported to impair the memory functions of humans (2) , monkeys (3, 4) , and rodents (5) . In addition, the cell death caused by the oxidative stress in the CA1 (6) or CA3 (7) subregions of the hippocampus can cause synaptic disorders in these areas and contribute to the decline of memory function, which is the main symptom of dementia (8) .
Trimethyltin (TMT) is a neurotoxic organotin compound. Upon systemic administration of TMT, hippocampus is one of the primary targets of TMT-mediated neurotoxicity (9, 10) . It is generally accepted that this neurotoxicity involves oxidative stress as the central pathogenesis (11, 12) . TMT intoxication results in phenotypic changes indicative of apoptotic cell death, which includes chromatin condensation, nuclear fragmentation, mitochondrial dysfunction, reactive oxygen species production, membrane blebbing and caspase activation (12, 13) . TMT activates protein kinase C (14) and induces apoptotic cascade (15) . The apoptotic cascade implicates caspase 3 protein which plays an important role in the execution phase of the cascade (9, 16) .
Curcuma longa Linn. of the Zingiberaceae family or turmeric is frequently used in Indian food as a spice, mainly as an ingredient in varieties of curry powders (17) . It is also a well-known indigenous medicinal herb which has been used for centuries as a traditional medicine in several Asian countries. The yellow curcuminoid pigment of this herb has been reported to posses an antioxidative property. This antioxidant compound has been widely reported to exert neuroprotective effects via its action against oxidative stress. Previous studies reported that the administration of curcumin (the main compound of turmeric) decreased mitochondrial dysfunction (18) and prevented apoptosis in AlCl 3 -exposed rats model of dementia (19) . Curcumin, therefore, could be considered as a promising therapeutic agent for the treatment of dementia. However, the popular use of curcumin in its pure form is still constrained by the impracticality of its mass production. Therefore turmeric extracts may be considered as a practical solution for the common and convenient consumption of curcumin. However, up to date there has been no study on the potential effect of turmeric extracts to prevent the apoptosis of hippocampal pyramidal neurons in rat models of dementia. In the present study, we investigated the effect of turmeric extracts on trimethyltin-induced cellular apoptosis of hippocampus in the rats. This effect was compared to that of citicoline, which is a medication commonly used for dementia.
Materials and methods

Animals
A total of 60 adult Sprague Dawley rats (180-200 g) obtained from the animal house of Universitas Gadjah Mada were used in the present experiment. The animals were placed individually in cages under standard conditions (24-26 °C, 60-65 % humidity, natural 12/12 hour light/dark cycles) with ad libitum access to food and water. The rats were acclimatized for at least 6 days prior to the study. The experimental protocol and animal handling procedures were approved by the Ethics Committee of the Integrated Research and Testing Laboratory, Universitas Gadjah Mada (approval number 130/KEC-LPPT/XII/2013).
Extraction of the turmeric rhizome
The rhizomes of turmeric were purchased from CV. Merapi Farma, Yogyakarta, Indonesia, and authenticated by a botanist from the Faculty of Biology, Ahmad Dahlan University. The turmeric rhizome powder (500 g) was macerated twice in 96 % ethanol (Merck, Germany), followed by fi ltration. The rhizome residue of this solvent was removed by fi ltration, and the resulting fi ltrate was concentrated under reduced pressure at 40 °C in a rotary evaporator (Heidolph, Germany). The fi nal yield of the turmeric extract was 30.38 % w/w. Then the concentration of curcumin which represented the major active content of the extract was measured using TLC scanner densitometer (CAMAG, Switzerland) operated at a wavelength of 426 nm. The concentration of curcumin was 28.08 %. The turmeric rhizome extract was eventually dissolved in the sodium carboxymethyl cellulose (CMC-Na) solution prior to oral administration to the rats.
Experimental design
The rats were subdivided into six groups as follows: The normal group (N) was given per oral administration of 10 ml/kg bw CMC-Na solution and an intra-peritoneal injection of 0.9 % saline, the control group (TMT) was given per oral administration of CMC-Na solution and an intra-peritoneal injection of TMT chloride (Sigma-Aldrich, Inc., St. Louis, USA) dissolved in 0.9 % saline (20) , the T-Cit group was given per oral administration of 200 mg/kg bw of citicoline (Bernofarm Pharmaceutical Company, Indonesia) and intra-peritoneal injection of TMT, and the T-E100, T-E200, and T-T300 groups were given per oral administration of 100 mg/kg bw, 200 mg/kg bw, and 300 mg/kg bw, of turmeric extract, respectivelly, as well as an intra-peritoneal injection of TMT. The oral treatments were carried out for 28 days, whereas the TMT chloride solution was injected as a single dose of 8 mg/ kg bw on day 8 of the treatments. The body weights of rats were recorded once a week.
Tissue preparation
On day 36 of the experiment, all rats were sacrifi ced by inhalation of CO 2 and the cerebrums of the rats were carefully dissected out of their skulls. The right cerebral hemispheres of the rats were fi xed in 10 % buffered formaldehyde solution for 6 days. Afterwards, the hippocampi of these right cerebral hemispheres were removed from the brains, weighed, dehydrated in ethanol of graded concentrations, cleared with toluene, infi ltrated with and eventually embedded in paraffi n blocks. The paraffi n blocks containing the hippocampal tissues were sectioned using a Reichert Wein microtome (Nr13137, Austria) at a nominal thickness of 3 μm.
Immunohistochemical staining of caspase 3
Each hippocampus was represented by one section, which was taken from the middle part of any given hippocampus. Sections of hippocampus were placed on poly-L-lysine slides in order to prepare for immunohistochemical staining. The immunohistochemical staining of caspase 3 was conducted according to manufacturer's procedure (Starr Trek Universal Detection System Protocol, Biocare Medical, Concord, California). The slides containing the hippocampal tissues were incubated at 45 ºC overnight. Afterwards, the sections were deparaffi nised in a xylene solution (JT. Baker, USA) and rehydrated through alcohols with graded concentrations (JT. Baker, USA). They were incubated in 3 % H 2 O 2 (JT. Baker, USA) for 15 min and rinsed in tap water. Antigen retrieval was conducted by immersing the sections in a citrate buffer solution (pH 6) at 95 ºC for 40 min in a decloacking chamber (Decloacking Chamber™ NXGEN, Biocare Medical, Concord, California). Then the sections were placed at a room temperature for 30 min. Protein blocking was carried out on the sections using a background sniper (Biocare Medical, Concord, California) for 15 min. A primary antibody (Rabbit Polyclonal Anti-Caspase 3 Antibody, Lab Vision Co., USA) diluted at 1: 100 was applied on the sections. A section with no active caspase 3 expression was also prepared to serve as a negative control. The slides containing the sections were placed at a room temperature for 1 h and afterwards rinsed by PBS for 5 min. Trekkie Universal Link reagent (Biocare Medical, Concord, California, USA) containing biotinylated secondary antibody was applied on the sections and the sections were incubated at a room temperature for 20 min. Trek Avidin-HRP (Biocare Medical, Concord, California, USA) was applied on the sections and subsequently the sections were rinsed using PBS. Betazoid DAB chromogen solution (Biocare Medical, Concord, California, USA) was dropped on the sections and the sections were left for 3 min at a room temperature. Hematoxylin staining was added for counter-staining. The sections were then dehydrated through ethanol with graded concentrations and cleared in xylene. Finally the sections were mounted on slides and cover-slipped. The number of apoptotic cells was determined by counting the number of apoptotic cells per three fi elds of view (x400 magnifi cation), which were randomly chosen from each region of one section of each hippocampus. This examination was carried out blindly by the experimenter, therefore the experimenter was not aware to which group any given hippocampus belonged.
Statistical analyses
Body weights of rats were evaluated using a repeated measure analysis of variance (ANOVA) whereas the hippocampal weights and the number of caspase 3 expression were analyzed using a one-way ANOVA procedure. The differences between groups were analyzed using a post-hoc Tukey HSD test whenever necessary. The statistical analyses were done using SPSS software version 21 for Windows. The signifi cance level was set at p < 0.05.
Results
Body weights
An overall observation on the subjects revealed that the rats injected with the TMT chloride showed more aggressive and hyperactive behavior than the rats injected with normal saline (N group) after the TMT injection. Figure 1 shows that the body weights of all groups of rats increased during the fi ve-week experimental period. The repeated measure ANOVA of these data showed that there was a signifi cant main effect of groups (p = 0.048) but not the trials nor groups x trials interaction. Post-hoc Tukey HSD test revealed that the body weights of the TMT group was signifi cantly lower than that of the normal (N) group (p = 0.001). There were no signifi cant differences in the body weights between the T-Cit and the N groups as well as between the three turmeric extracttreated groups and the N group. Figure 2 shows the average hippocampal weights of the six groups of rats. One-way ANOVA test of these data revealed a signifi cant main effect of group (p = 0.0001). The post hoc Tukey HSD test showed that the mean hippocampal weights of the TMT group was signifi cantly lower than that of the normal (p = 0.0001), T-Cit (p = 0.0001), T-E100 (p = 0.0001), T-E200 (p = 0.0001) and T-E300 groups (p = 0.0001). The mean hippocampal weights of the T-Cit and the three turmeric extract-treated groups were also signifi cantly lower than that of the N group (p = 0.0001; p = 0.002; p = 0.006; p = 0.002 respectively).
Hippocampal weights
Caspase 3 immunostaining
The pro-apoptotic protein caspase 3 was expressed in the TMT-treated groups but not in the normal group. The antibodies specifi c for active caspases-3 selectively stained the cytoplasms and nuclei of pyramidal cells in the CA2-CA3 regions and predominantly stained the cytoplasms of the pyramidal neurons in the CA1 regions ( Fig. 3) . Table 1 shows the data of the number of pyramidal neurons expressing caspase 3 per three fi elds of view in the CA1 and CA2-CA3 regions of hippocampus.
One-way ANOVA of the data of the number of pyramidal cells expressing caspase 3 per three fi elds of view in the CA1 region revealed a signifi cant main effect of group (p = 0.001). Post-hoc Tukey HSD test of these data showed that the number of apoptotic cells in the CA1 region of the T group was signifi cantly fewer than that of the N group (p = 0.002), but was not different from that of the turmeric extract-treated and citicolin-treated groups.
One-way ANOVA of the data of the number of pyramidal cells expressing caspase 3 per three fi elds of view in the CA2-CA3 regions revealed a signifi cant main effect of group (p = 0.002). Post-hoc Tukey HSD test of these data showed that the number of apoptotic cells in the CA2-CA3 region of the T-Cit and T-TE200 groups was signifi cantly fewer than that of the T group (p = 0.011; p = 0.008) (21) .
Discussion
The present study has demonstrated that the TMT administration caused the increase of caspase 3 expression in the CA1 and CA2-CA3 regions as well as the decrease of the body and hippocampal weights. TMT-induced hyperactivity (22) may be one of the reasons for the decrease in body weight gain. Several studies have reported systemic manifestations of TMT intoxication, Fig. 1. Mean ± SEM of the body weights of normal (N) , TMT-injected, turmeric extract-treated, and citicoline-treated rats. Results of repeated measure ANOVA: n = 10; df = 5, 54; F = 0.908; p = 0.048. which include the damage of the epithelial cells in the proximal renal tubule that led to the increase of urine pH and diuresis (23, 24) . TMT also impairs the immune system and causes atrophy of the spleen (25, 26) . All of these intoxication effects likely caused the body weight loss of the rats in the present study.
TMT is known to cause the neural degeneration and behavioral changes (27) . Rodents exposed to TMT may suffer from disori-entation, convulsions, and aggressive behavior. Such effects may appear due to the loss of septal structures and the extensive destruction of neurons in the amygdala and hippocampus (28, 29) . In rats, TMT induces the degeneration of pyramidal neurons in the hippocampus and cortical areas, including pyriform cortex, entorhinal cortex, and subiculum, that are connected to the hippocampus (27, 30) . This TMT-induced damage is thought to be
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Fig. 3. Neuropathological changes in the hippocampi of rats exposed with TMT as indicated by caspase-3 imunohystochemical staining. In the TMT treated groups caspase-3 immunostaining is present in the nuclei (white arrows) and cytoplams (thick black arrows) of pyramidal cells of CA2-CA3 regions and is predominantly present in the cytoplasms of pyramidal cells of CA1 regions. Normal cells are pointed with thin black arrows.
associated with oxidative stress, calcium overload, and mitochondrial damage. It seems that the mitochondrial damage is mediated by stannin (SNN) protein, which is a protein with 88 amino acids encoded by the cDNA of TMT-sensitive cells (15) . SNN can be found in the hippocampus, neocortex, cerebellum, striatum, midbrain, and kidney (31) . It possibly lies in the outer membrane of mitochondria (32) and the membrane of the endoplasmic reticulum (33) . SNN directly binds with dimethyltin (demethylation results of TMT) and causes the release of cytochrome c and the activation of caspases. The activation of the caspase (cysteine-aspartic acid protease) family is considered to mediate the apoptosis of neurons (13) which is characterized with the expression of caspase 3 (34) . This caspase group of enzymes plays a key role in the execution phase of an apoptosis cascade. Caspase 3 is required for DNA fragmentation and morphological change associated with apoptosis (35) . It is plausible that the decrease of the number of the hippocampal cells due to apoptosis might have contributed to the hippocampal weight loss in the present study.
In the present study, the caspase 3 protein expression occurred predominantly in the cytoplasm of the pyramidal cells in the CA1 region, while it appeared both in the nuclei and cytoplasm of the pyramidal neurons in the CA2-CA3 region. This difference was likely due to the differential vulnerability towards neurotoxicants between cells of these two regions (6) . The neurons in the CA1 region contains more NMDA receptors (NMDARs) than those in the CA3 region (36, 37) . Therefore, the activation of NMDARs due to oxidative stress results in the increase of Ca 2+ levels more in the CA1 neurons than in the CA3 neurons (6, 38) . The increase of Ca 2+ levels gives rise to glutamate excitotoxicity that fi nally causes cellular apoptosis (39, 40) that is more prevalent in the CA1 region than in the CA2-CA3 region.
The present study has shown that the 200 mg/kg bw dose of turmeric extract may inhibit the apoptosis of the pyramidal neurons in the CA2-CA3 region but not in the CA1 region. The number of neurons expressing caspase 3 in the CA2-CA3 region in the T group was the most numerous, whereas that in the T-TE200 group was the fewest amongst the extract treated-groups. A number of studies has demonstrated the antioxidant and neuroprotective potential of turmeric in various experimental models of neurodegeneration (41) (42) (43) (44) . An administration of curcumin for 2 months signifi cantly reduced the ischemia-induced neuronal death as well as glial activation (45) . Curcumin administration also decreased lipid peroxidation, mitochondrial dysfunction, and apoptotic indices. Mitochondria play a crucial role in electron transports and oxidative phosphorylation. A decline in mitochondrial membrane potential (MMP), a release of cytochrome c from mitochondria to cytosol, an alteration in the ratio of Bax-Bcl-2 and an activation of subsequent caspase cascade are the key signaling mechanism that takes part in the mitochondrial-dependent apoptotic pathway. Curcumin effectively attenuates all of these alterations and suppresses mitochondrial-dependent apoptotic pathway (46) . Curcumin also effi ciently restores DNA from damage and protects the cells from apoptosis via its antiapoptotic activity.
The rats treated with 200 mg/kg bw of turmeric extract showed similar caspase 3 expression to the rats treated with 200 mg/kg bw of citicoline. Citidine-5-diphosphocholine or citicoline (CDPcholine) is commonly used as a neuroprotective and memoryenhancing drug in Alzheimer's disease. Non-clinical studies also have demonstrated the neuroprotective effects of CDP-choline in ischemic animal models. In a gerbil forebrain ischemia model, the application of CDP-choline increased the number of surviving cells in the hippocampal CA1 region (47) . Citicolin also decreased the number of caspase 3 positive cells and prevented the fragmentation of the DNA in the penumbra zone of the brains of rats with cerebral artery occlusion (48) .
In conclusion, our present study shows that the 200 mg/kg bw dose of turmeric extract may exert antiapoptotic effects on the hippocampal neurons of the TMT-exposed rats. Further studies are warranted to explore the potentials of this extract for preventing dementia. 
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